Abstract
Background
Agriculture production contributes to sustaining the livelihoods of many households, particularly in Africa. Despite the important roles it plays, some of the modern farming practices adopted by most farmers pose a threat to the environment [1, 2] ; sustainable agricultural production [3] and the health and functional capacity of the agro-ecosystems [4] . In other words, unfriendly ecosystem farming practices create a condition that makes agricultural production costly and this traps future generations in the vicious poverty cycle [5] and the rural poor are the most disadvantaged. It is for this reason that sustaining the fertility of farmlands and maintaining ecosystems resilience has been of interest to many programmes and policies including the Comprehensive Africa Agriculture Development Programme (CAADP) and ECOWAS Agricultural Policy (ECOWAP) [6, 7] . Unfortunately, the response to these policies and programmes, especially in Sub-Saharan Africa has been low [8] .
Most interventions on crop production in Ghana and elsewhere in Africa place greater emphasis on high yields with little concern on how to sustain farmlands for future benefits. For example, the focus of the Ministry of Food and Agriculture (MoFA) in Ghana has been on improving yields through dissemination of yield enhancing technologies [8] . These yield enhancing technologies seek to improve food availability [9] , which often derail the biological functioning of the agro-ecosystems [10] . Again, a lot of studies (e.g. [11, 12] ) that have been carried out in Ghana on the adoption of sustainable farm practices have paid little attention to farmers' knowledge of indigenous sustainable farm practices and how this might affect farmers' intensity of adoption.
Meanwhile, sustainable farm practices termed as ecosystem-based farm management practices (EBFMPs) can help maintain the fertility of agricultural lands and balance nutrients requirement of crops [3] . Ecosystem-based management farm practices (EBMFPs) within the context of this paper is the traditional farm-based practices (such as mulching, compost application, crop rotation, efficient drainage systems, and vegetation conservation among others) that aim at balancing agricultural output and maintaining agro-ecosystems resilience. According to [4] , EBMFPs averagely conserve and boost the functional capacity of the ecosystems services through natural and biological means as well as intensive, high inputs systems.
Considering the varied functions that EBFMPs play, this paper sought to examine the factors that must be considered in promoting the adoption of EBFMPs by farmers. The paper thus provides evidence to policy formulators and implementers on some of the factors that enhance or inhibit the adoption of EBMFPs by farmers for sustainable agricultural production.
Methods
The study setting and sampling process
The study was conducted in the Upper East Region of Ghana. Ghana has varied agro-ecological zones which include the Rain Forest Zone, Coastal Savannah Zone, Semi-deciduous Forest Zone, Transitional Zone, GuineaSavannah Zone and Sudan-Savannah Zone. The varied nature of the agro-ecological zones in Ghana makes her fairly representative of Africa, which has similar agroecological zones. The selection of Upper East Region was due to the fragile nature of its ecosystem that makes the need for EBFMPs to ensure sustainability in agricultural production imperative. Specifically, the study was conducted in two districts (Kassena-Nankana West District and Kassena-Nankana East District). The study districts ( Fig. 1 ) fall within the Sudan-Savannah Vegetation Zone and has a total population of about 181,000 with about 61% from the Kassena-Nankana East District and 39% from the Kassena-Nankana West District [13] . The predominant economic activity in the area is farming with about 69% of the total population in agriculture [14] .
A three-stage sampling technique was used to select study communities and households. In the first stage of the sampling, because of the critical role of irrigation in ensuring sustainable agricultural production, communities in the districts were divided into strata of community-managed and government-managed irrigation schemes of which three (3) communities each were randomly selected (Fig. 2) .
In the second stage, a simple random sampling technique was used to select the required number of irrigated households from each community. According to [16] , for any meaningful and more precise comparisons to be made, then a constant sample from each group, in this case community is critical. From a sample frame of 1813 households, 300 households (about 17% of the sample frame) were randomly selected for the study with each community having fifty (50) households as shown in Fig. 2 . The 50 households from each community was more than 20% of the total number of households from each community, and thus representative of the communities from the view point of [16] .
Theoretical and empirical review of models on sustainable farm practices
In social sciences, most studies usually deal with outcomes that are measured in counts such as number of soil conservative management practices, number of Integrated Pest Management (IPM) practices adopted, number of children as an indicator of fertility, and number of doctor visits as an indicator of health care demand among others [17] . Such studies are traditionally analysed with econometric models such as the binomial Probit or Logit models, which usually divide the dependent variable into two categories (1 = full adoption, 0 = no adoption at all) [18] . However, this might not be the true picture in most cases since technologies have different components, which could either be fully or partially adopted and binary choice models (e.g. Probit or Logit) cannot properly capture such situations. Thus, the Poisson regression or negative binomial regression models have been developed to handle such situations [18] . The count models (Poisson and negative binomial models) have the capacity to estimate the effect of a policy intervention either on the average rate or the probability of no event, a single event, or multiple events [17] .
The Poisson model assumes that the response variable Y has a Poisson distribution and the logarithm of its expected value can be modeled by a linear combination of unknown parameters [19] . From [20] , the model looks at the probability that the dependent variable Y (in this case the number of EBFMPs used) will be equal to a certain number y, and is represented mathematically as follows:
(1) Prob Y = y = e y y! , y = 0, 1, 2, 3 . . . n where = is the intensity or rate parameter, = exp X ′ i β , β = a vector of unknown parameters to be estimated.
The intensity parameter ( ) is assumed to be loglinearly related to the explanatory variables [8] . This is because the parameter ( ) is expressed as an exponential function of the explanatory variables. From the Poisson distribution assumption, the intensity of y is determined by the mean. This suggests that the intensity of adoption of EBFMPs is determined by the mean.
The log-likelihood function is given by the equation:
The interpretation of the coefficient is that, one unit increase in X i will increase or decrease the average number of Y i by the coefficient expressed as a percentage [20] .
The marginal effect of a variable on the average number of events is:
The interpretation of marginal effect is that one unit increase in X i will increase/decrease the average number of the dependent variable by the marginal effect [20] .
The key assumption is that the Poisson model has equidispersion property of the Poisson distribution. That is the equality of the mean and the variance specified as:
This property is much restrictive and often fails to hold in practice if there is 'over dispersion' in the data. This is common in developing countries like Ghana where farmers tend to recall agricultural information with a lot of discrepancies. According to [21] , the Poisson model [15] relies heavily on an assumption that the conditional mean of outcome is equal to the conditional variance. But in practice, the conditional variance often exceeds the conditional mean. The negative binomial regression model however, deals with this problem by allowing the variance to exceed the mean [21] . Unlike the Poisson model, the negative binomial model (NBM) has a less restrictive property that the variance is not equal to the mean (µ) [22] . This is represented mathematically as follows:
The negative binomial model also estimates the overdispersion parameter α. Therefore, there is the need to test for over-dispersion. To test for the over-dispersion, the negative binomial model (NBM) which includes the over-dispersion parameter α is estimated and tested to see if α is significantly different from zero [21] . When α = 0, it comes back to the Poisson model estimates. When α > 0; there is over-dispersion (which frequently holds with real data). When α < 0; there is under-dispersion (which is not very common).
These two models (Poisson and negative binomial regression models) have shown to be very simple for analysing (5) Var(y/x) = + α 2 count data and straightforward in interpretation. As a result, they are gaining greater usage by many researchers on current studies involving count data [17] . Thus, there are a number of current studies (e.g. [8, 12, 23] ) on the adoption of sustainable practices that used count models.
The study by [18] was one of the first to explore the use of Poisson count regression models to analyse technology adoption. It was used to evaluate three technology transfer projects in Central America: Integrated Pest Management in Costa Rica, Agro-forestry systems in Panama, and Soil Conservation in El Salvador. However, the study by [18] has direct connection with this paper, which examined the factors to consider in promoting sustainable agriculture. Another study that employed one of the count regression models is [23] . Following [23] , the adoption behaviour of farm households on farm management practices in three agro-biodiversity hotspots in India were investigated using the negative binomial count data regression model. The regression outcome revealed that farmers who received agricultural extension are more likely to use improved farm management practices. It also showed a negative relationship between cultivation of local varieties and adoption of farm management practices. Again, in the work of [24] , the Poison regression model was used to analyse the impact of farmers' experiences and perceptions of health risks of pesticides on the adoption of Integrated Pest Management (IPM) and pesticide use among small scale vegetable farmers in Nicaragua. Using the Poisson model, the authors were able to consider two levels of adoption process in that study (1) the count of IPM practices tested and (2) the count of practices actually used. The results revealed that previous experience with pesticide poisoning incidents has significant positive effect on the number of IPM practices tested by a farmer, but not on the adoption. Other factors, which showed significance, include school education, characteristics of cropping system, whether or not farmers had attended training in IPM and farmers who pay wage premiums to workers for application of pesticides.
In Ghana, the use of the Poisson and negative binomial regression models is equally gaining prominence. Classical examples include that of [8] and [12] . Nkegbe and Shankar [12] employed the Poisson model in the study to analyse the intensity of adoption of the sustainable soil and water conservation practices-composting, cover crops, agro-forestry, grass strip, soil bund and stone bund. The Gamma count was also used to further correct for over-dispersion in the data. From the empirical results of that study, access to information, social capital, per capita landholding and wealth play a crucial role in determining farmers' decision to intensively adopt sustainable soil and water conservation practices.
Again, [8] also closely tied with that of [12] except that the former had a broader scope, as it went beyond the factors that determine the adoption of the sustainable farming practices to consider the factor productivity. The study equally employed the Poisson model coupled with the stochastic frontier. From the study, credit, farm size, group membership and proximity to input sale points positively influence the adoption of conservation techniques. The covariates included gender, age, age square, education, farm size, household size, group membership, number of extension visits, credit obtained by the farmer and distance to input stores. The limitation of this study is on its inability to test for over-dispersion for the necessary corrections.
From the foregoing, the Poisson and the negative binomial regressions models are considered appropriate for this paper. It can also be deduced that all the above-mentioned studies have failed to consider farmers' knowledge of the ecosystem services as one of the factors that can influence their adoption of sustainable farm practices or EBFMPs. This paper therefore contributes to adoption studies literature on agro-ecosystems with a blend of indigenous farming practices (ecosystem-based farm management practices) knowledge and how it affects farmers' intensity of using the practices.
Empirical model specifications
To determine the factors that influence the adoption of EBFMPs, data were collected on the farm practices employed by each farmer in irrigation and rain-fed farming. These practices were then grouped into EBFMPs and non-EBFMPs. The total number of EBFMPs adopted by farmers in irrigation was then used as the dependent variable. The Poisson and negative binomial models were employed to examine the factors that influence the number of EBFMPs adopted by farmers. Below are the empirical models for the study and descriptions of the variables in Table 1 
Results and discussion

Socio-demographic characteristics of farmers
The survey found that farming is dominated by males in Ghana and likewise other parts of Africa in a broad scope (Table 2 ). This development emanates from the cultural and social setting of the people of Ghana and other countries in Africa, where resources (particularly productive agricultural lands) are controlled and owned by men. Until recently, farming was culturally seen as a male dominated economic activity in many parts of Africa while women were basically in-charge of sales of farm produce and other petty trading. It was revealed from the focus group discussions that agriculture is still labour intensive, which constraint women who are already preoccupied with domestic chores to engage themselves in it. Table 3 also shows that the average age of farmers is about 42 years with a standard deviation of 11 years. This suggests that averagely, the farmers in Ghana fall within the productive age cohort. Irrigation farming in several regions of Africa (e.g. SubSahara Africa) has become an attractive force for most youth to engage in agriculture. The reason being that farm produce from irrigation (such as pepper, onions, tomatoes, rice among others) offer good prices relative to produce from rain-fed agriculture. Again, most of the agricultural lands owned by government-managed irrigation schemes (GIS) are operated as an open access system where the youth have an equal chance of securing lands for farming.
From Table 2 , majority of the farmers had no formal education or had only basic education. The respondents' level of education shows that approximately 34% had at least Junior High School (JHS) education from the pooled data. This implies that only a few of the farmers might be able to read and understand new agricultural technologies and interventions. Like the agricultural sector in Ghana, agriculture is yet to acquire the needed level of investment in other parts of Africa, which can (7) + β cg9 Irig cgi + ε cgi attract graduates from the tertiary level. As such, it is characterised by farmers with greater weakness in reading and understanding new agricultural interventions or programmes. This tend to affect farmers understanding of the nexus between new agricultural interventions and agro-ecosystems sustainability, hence they adopt practices that are not ecosystem-friendly. The survey also revealed that the mean household size of the respondents is about 6 with a standard deviation of 2 (Table 3) . This means that averagely households have large potential labour force to help in farming activities. It can be observed in Table 2 that about 65% of the respondents are married while 35% otherwise (single, separated and widowed). Table 2 also shows that 71% of the respondents are household heads while 29% are not. Some household heads lost their spouses and some are staying with their children alone because of broken homes. Details of the statistics for the socio-demographic characteristics of farmers are shown in Tables 2 and 3 .
Factors influencing ecosystem-based farm management practices adoption
The paper sought to determine the factors to be considered in promoting the use of ecosystem based farm 
management practices (EBFMPs) for sustainable agriculture in Africa. The paper focused on the adoption of EBFMPs by farmers in Ghana who are into irrigation farming because it represents the hope for the future under the current trends in climate change and variability. Besides, irrigation farming was targeted because of the critical role it plays in ensuring sustainable production in agriculture and the effect of it on the various ecosystems within a landscape. Ghana was used as a case study for Africa because of the varied nature of the country's agro-ecological zones (six types of agro-ecological zones), making her fairly representative of the continent. The paper used eight (8) EBFMPs for its analysis, which are organic manure application, conservation of vegetation, conservative tillage, mulching, crop rotation, intercropping with legumes, efficient drainage system and soil bunding (Table 4) . These practices formed the basis as the dependent variable for the analysis with the Poisson and negative binomial models. The results (Table 5) indicate that there is no over-dispersion since the test for alpha is not statistically different from zero. As such, there is sufficient evidence that the conditional mean is equal to the conditional variance and hence, the negative binomial model reduces back to the Poisson model (check "Appendix" for Poisson estimates). Even though the negative binomial regression Pseudo R 2 for the pooled data is low (about 10%), the overall significance of the model is high as indicated by the likelihood ratio Chi-square (significant at 1%). This implies that farmers' intensity of adoption of EBFMPs is determined by the set of covariates modelled in this paper. The regression results showed that farmers' age, distance to farm, perception of soil fertility, knowledge of EBFMPs, extension visits and the type of irrigation scheme the farmer cultivates significantly influence the adoption of EBFMPs.
The results from the pooled data (Table 5) indicate that age of a farmer influence the adoption of EBFMPs in farming. Specifically, the results show that as farmers' age increases by 1 year, the intensity of adopting EBFMPs on farms increases and this is statistically significant at 5%. Generally, the finding suggests that old people in farming within the Ghanaian society and extensively in some parts of the African continent adopt more sustainable practices (or EBFMPs) than younger ones. Most aged farmers are still traditional with regards to agriculture production and as such, used more of the EBFMPs because they are indigenous practices learnt from forefathers. Even though, most of them cannot explain the biological functioning of the indigenous practices (which are mostly EBFMPs), they acknowledged the importance of these practices in minimising cost of production and sustaining soil fertility. This finding is however contrary to the finding of [12] which reported that the age of farmers do not influence adoption of soil and water conservation practices in northern Ghana.
The services that farmers receive from extension officers specifically, smallholder farmers under communitymanaged irrigation schemes (CIS) have an influence on the level at which they adopt EBFMPs. From the marginal effect regression on farmers under CIS, it suggests that those who received extension education in the previous season have greater intensity of using EBMFPs than those who had no extension education (Table 5 ) and this is statistically significant at 10%. Agricultural extension agents in Ghana and other parts of Africa provide information and education on agricultural production, especially new interventions. The education enlightens farmers on the 
choice of activities at farm level and help them better understand the side effects of the practices they employ on farms. The significance and direction (positive) of the number of extension contacts are consistent with the finding of [12] . Farmers also consider the distance of their farms from places of abode in their adoption of sustainable farming practices or EBFMPs. Thus, distance to farms was found to have a negative influence on the number of EBFMPs that farmers adopt and this is statistically significant at 1, 10 and 1% for CIS, GIS and pooled models respectively. In other words, overall, when the distance to farms increases by 1 km, the intensity of adopting EBFMPs reduces in all the models. One of the major problems in terms of distance is that most farmers usually find it difficult to transport organic manure (one of the EBFMPs identified) from family compounds to farm sites. As such, only few farmers can apply organic manure on farms that are far from places of abode. It was also revealed from the focus group discussions that farms that are at the outskirts of communities or in the forests zones are usually very fertile and require little or no organic manure for greater yields. Such farms also have dense vegetation, which most farmers usually clear for farming activities.
Another factor that determines the intensity of adoption of EBFMPs is farmers' perception of soil fertility. From Table 5 , perception of soil fertility is statistically significant at 10% in both CIS and GIS models. It is highly significant at 1% in the pooled model. In all the three models, it has positive effect on the intensity of adoption of EBFMPs. Farmers who perceived their farm plots to be fertile have a greater expected intensity of using EBFMPs than those who perceived their farm plots are infertile, all other things being equal. This finding is inconsistent with that of [9] who reported that farming on better soils decreases the adoption of soil improving practices. The reason given by farmers to support this finding is that those who perceived their soil fertility is low rather resort to the use of more inorganic measures to improve their soil fertility instead of the indigenous ecosystem friendly practices. Again, farmers who perceived that their soil fertility is high try to save cost by adopting organic practices to maintain the fertility of the soil. Another reason that accounts for this finding is that, farmers especially those under government-managed irrigation schemes think their soils are degraded to a non-responsive level for organic manure application. Thus, they rely on the usage of inorganic manure to improve their soils since it works faster than the organic manure. Knowledge of farmers on the usefulness of EBFMPs affect their level of adoption of such EBFMPs (Table 5) . Farmers who have more insights on the biological functions and benefits of ecosystem-based farm management practices tend to adopt more compared to those without adequate knowledge on the usefulness of EBFMPs. The result indicates that as farmers' knowledge on EBFMPs improves, the intensity of adopting EBFMPs increases and this was found to be statistically significant at 1% in both the GIS and the pooled models. Most farmers in Ghana and elsewhere in Africa, especially young and uneducated farmers focus more on yields at the expense of sustainability and this does not make them adopt EBFMPs. From the focus group discussions, most of the farmers attributed the current prevalence of strange pests and diseases in agriculture to the failure of this generation and the previous ones in maintaining some of the indigenous agricultural practices that could sustain the resilience of the agroecosystems (Table 6) .
Lastly, the type of irrigation scheme or facility available to farmers influence the adoption of EBFMPs. The results in Table 5 indicate that farmers who cultivate under the community-managed irrigation schemes (CIS) have a greater intensity of adoption of EBFMPs than those under the government-managed irrigation schemes (GIS), ceteris paribus and the difference is statistically significant at 5%. Even though farmers in the CIS aim at maximizing yield as per their counterparts in the GIS, they are more conscious about the sustainability of their fields. This is probably because unlike the GIS where the land is publicly owned, farmers producing on CIS own the land upon which production takes place and hence have primary interest of maintaining the fertility of the farmlands even for future generations.
Conclusions and policy recommendations
The study sought to examine the factors that promote the adoption of ecosystem-based farm management practices (EBFMPs) in Africa, taking farmers in Ghana as a case study. Ghana became an ideal place because of its varied nature of agro-ecological zones. The agro-ecological zones in Ghana are into six (6) types and fairly representative of the agro-ecological zones in Africa. The Poisson and negative binomial models were employed for the analyses. The paper found that the intensity of EBFMPs adoption is significantly determined by age of farmers, distance to farms, perception of soil fertility, knowledge of EBFMPs, number of extension visits and the type of irrigation scheme available to farmers. Based on the results, it is concluded that to promote the use of EBFMPs in Ghana and other parts of Africa, it is important to focus on these factors. In other words, a focus on these factors is needed to bring about a shift from the current production system that relies heavily on intensive use of agrochemicals with negative consequences on ecosystem resilience and sustainability to a production system that is more ecosystem friendly using EBFMPs. It is therefore recommended that policy makers and implementers in Ghana and Africa generally come out with interventions that are generation specific (i.e. for the old and the young), distance neutral (i.e. not affected by distance to farmer residence), knowledge sensitive (i.e. literate and illiterate farmers) and production context specific (i.e. irrigation versus rain-fed; smallholder versus medium to large scale farmers). In all this, there is the need for policies that aim at building and sustaining robust agricultural extension systems that have at the centre ecosystem resilience and sustainability. Specifically, there is the need to review agricultural extension policies to refocus them on how to expand agricultural production without compromising the biological functioning of the agro-ecosystems. Participatory approaches should be employed in the formulation and implementation of such policies to ensure community acceptability and ownership which will guarantee sustainability.
